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INTRODUCTION
Trace elements play a significant role in the regulation of human reproduction (Pathak and Kapil, 2004) . In particular, essential trace elements like zinc, selenium, iron, and copper are required for normal fetal development. In turn, deficiency of these metals and metalloids may be associated with an adverse pregnancy outcome (Gambling et al., 2003; Singh, 2004) . Therefore, the pregnant maternal organism faces increased demand for trace elements (Hovdenak and Haram, 2012) . At the same time, maternal overexposure to toxic trace elements and metals may have a negative impact on the birth outcome and further development of the offspring (Silbergeld and Patrick, 2005) . Therefore, monitoring trace element status in pregnancy is of particular importance. Hair is successfully used for monitoring trace element status, although certain limitations exist (Chojnacka et al., 2010) .
Existing data demonstrate that the risk of an adverse outcome increases with the age of pregnant women (Hoffman et al., 2007) . In particular, it has been proposed that the lowest rate of adverse pregnancy outcomes was observed in women aged 20-29 years (Andersen et al., 2000) . It has also been demonstrated that age has a significant influence on trace element content in different biological substrates (Clark et al., 2007; Skalnaya et al., 2016) . However, the data are rather contradictory. It is therefore important to investigate whether age has a significant influence on hair trace element content in women.
The objective of the present study was to assess the association between age and hair trace element content in pregnant women in the third trimester, as well to reveal the impact of lifestyle factors on these parameters.
MATERIALS AND METHODS
The protocol of the study was approved by the Ethics Committee for Interdisciplinary Investigations at Tomsk State University/Psychological Institute of the Russian Academy of Education. The study was carried out in agreement with the principles of the Declaration of Helsinki of the World Medical Association (1964) and its later amendments. All the women took part in the investigation on a voluntary basis. All participants signed the informed consent form before the investigation and were informed about the procedures performed.
A total of 124 pregnant women were examined in the third trimester of pregnancy. All examinees were divided into two groups according to their age. Group 1 consisted of 72 pregnant women aged 20-29 years, whereas group 2 consisted of 52 women aged 30-39 years. The groups consisted of pregnant women living in the Siberian Federal District of the Russian Federation (Tomsk, Novosibirsk, and Barnaul) in similar proportions. Age and normal healthy pregnancy were used as the inclusion criteria. The following exclusion criteria were used in the study: 1) former occupational exposure to heavy metals or other chemicals, 2) the presence of metal implants, 3) the use of hormonal replacement therapy.
Prepregnancy values of anthropometric parameters (height, weight, body mass index) were recorded. In addition, all examinees filled in a questionnaire in order to obtain information on obstetric anamnesis, as well as lifestyle parameters (Table 1 ). All women used vitamin/mineral supplements from different manufacturers, therefore, this parameter was not included into descriptive statistics and multiple linear regression models. Data on iron supplementation is specified in Table 1 .
Proximal parts (1-1.5 cm) of occipital scalp hair strands (0.05-0.1 g) were collected in the third trimester of pregnancy. These hair samples were washed with acetone, rinsed three times with distilled deionized water and dried in air. Microwave digestion of the samples was performed in a BerghofSpeedwave4 DAP-40 (Berghof Products and Instruments, Germany) system at 170-180°C for 20 minutes. After cooling, the resulting solutions were transferred into test-tubes with the addition of polypropylene with the subsequent addition of distilled deionized water to a total volume of 15 ml. Hair trace element content [µg/g dry weight] was assessed using inductively coupled plasma mass spectrometry at NexION 300D (PerkinElmer Inc., Shelton, CT, USA). Internal standards containing 10 μg/l yttrium-89 and rhodium-103 prepared from Yttrium (Y) and Rhodium (Rh) Pure Single-Element Standards (PerkinElmer Inc., Shelton, CT, USA) were used for internal online standardization. The certified reference material of human hair GBW09101 (Shanghai, China) Skalny, A. V., Tinkov, A. A., Voronina, I., Terekhina, O., Skalnaya, M. G., Bohan, T. G., Agarkova, L. A., Kovas, Y. (2018) . The impact of lifestyle factors on age-related differences in hair trace element content in pregnant women in the third trimester. Acta Sci. was used for laboratory quality control with the recovery rate >90%. Statistica 10.0 (Statsoft, Tulsa, OK, USA) software was used for statistical treatment of the data. Data distribution was not Gaussian for all the trace elements as assessed by the Shapiro-Wilk test. Group values were expressed as a median and the respective 25-75 percentile boundaries. The significance of group differences was assessed using the Mann-Whitney U-test. Multiple linear regression analysis was used in order to assess the impact of various factors on hair trace element levels that were significantly different between the groups. A level of significance of p < 0.05 was set for all statistical analyses performed.
RESULTS
The results showed that among all the essential trace elements studied (Table 2 ) only hair Zn and V content were significantly lower in the older age group Multiple regression analysis (Table 3) demonstrated that hair B content was significantly predicted by age, age at first intercourse, smoking a year before pregnancy, the number of cigarettes per day in a year before pregnancy, and following a specific dietary habits (vegetarianism). None of the lifestyle factors were associated with hair Cd content in pregnant women. It is also notable that alcohol intake both a year before and during pregnancy did not have a significant impact on hair B, Cd, V, and Zn content.
The results of multiple linear regression analysis demonstrated that the models significantly accounted for 28% and 11% of hair B and V content variance in the pregnant women. The absence of the model Skalny, A. V., Tinkov, A. A., Voronina, I., Terekhina, O., Skalnaya, M. G., Bohan, T. G., Agarkova, L. A., Kovas, Y. (2018) . The impact of lifestyle factors on age-related differences in hair trace element content in pregnant women in the third trimester. Acta Sci. significance for Cd and Zn indicates that the lifestyle factors used as independent variables do not have any substantial influence on hair Cd and Zn. It is possible that other factors that were not included in the present study (e.g., environmental, occupational) have a stronger influence on these trace elements. The age of the examinees and following a special diet had a significant influence on hair V levels. Although the model for hair Zn content was not significant, the age of women had a significant impact on this parameter.
DISCUSSION
The results suggest that older age in pregnant women is associated with increased hair B, and decreased hair Cd, V, and Zn. These results are consistent with an earlier investigation that demonstrated a significant decrease in hair Cd and V levels in women aged 20-30 years in comparison to older women (30-40 years; Skalnaya et al., 2016) . Similarly, both hair Zn and Cd were characterized by a significant decrease in adolescents in comparison to children (Peña-Fernández et al., 2016) . At the same time, no significant group difference in hair Zn levels was detected (Skalnaya et al., 2016) . Another study using similar age groups found higher levels of hair Cd in older women (Khalique et al., 2005) . Some previous studies did not find age-related differences in hair Zn levels (Khalique et al., 2005; Skalnaya et al., 2016) . Another study in female Koreans aged 20-49 and above 50 years old revealed a significant age-associated decrease in hair Zn content, but an increase in Cd levels (Hong et al., 2009) . It is clear that more research is needed to clarify the sources of inconsistencies in the literature. Hypothetically, the inconsistencies observed may result from a different rate of pregnancy in the groups enrolled in different studies as pregnancy significantly affects trace element metabolism. At the same time, geographical and national factors may also underpin existing contradictions. Human studies regarding age-related changes in hair boron content are quite limited. Animal research has demonstrated a significant age-related increase in hair B levels in rats, but an opposite pattern of agerelated decrease in hair B levels was observed in marmosets. The same study found a significant decrease in hair Cd levels in elder primates, as well as the absence of significant group differences in hair V and Zn levels between younger and older ones (Ambeskovic et al., 2013) .
Altered trace element status in pregnancy may have a significant impact on pregnancy outcome. In particular, zinc requirements are significantly increased in pregnancy (Fung et al., 1997) . Lower zinc intake in pregnancy was associated with preterm birth (Scholl et al., 1993) .
The results of the multiple regressions are only partly consistent with previous research. For example, in contrast to previous studies (King, 2000) , we did not find any significant influence of smoking, alcohol intake and iron supplementation on zinc status.
A limited number of human studies demonstrated the interrelation between boron exposure and pregnancy outcome. In particular, in a cohort of boron workers a higher number of delays in pregnancy and lower total number of live births was detected in comparison to unexposed women (Chang et al., 2006) . Similarly, a recent study demonstrated that increased boron levels in the organism are associated with lower birth weight (Igra et al., 2016) .
The effects of low vanadium status in pregnant women are not studied, whereas animal studies demonstrated that low vanadium is associated with increased infant mortality (Valko and Moncol, 2009) . It is also expected that vanadium deficiency during pregnancy will result in diabetes (Wu et al., 2012) . At the same time, it should be mentioned that a greater number of studies demonstrated the association between vanadium exposure and impaired reproductive function and fetal growth (Apostoli and Catalani, 2010) .
Generally, the results of the current study demonstrate that increased age is associated with significant change in several hair trace element content in pregnant women. However, much research is still needed to replicate the results and to identify sources of inconsistencies in the literature. Gaining better insights into age-related changes in trace elements levels may help to prevent adverse pregnancy outcomes.
